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ABSTRACT 
 
 
 
 
Using petroleum diesel as well fuels from natural resources will contribute to air 
pollution due to high amount of air pollutants emitted. Also the aggressive action to use 
sources like petrochemical source, and natural gas resulted the depletion drastically in 
natural energy resources thereby making those energy resources becomes limited day by 
day thus making the global price increase. This situation makes the world becomes 
worst and some alternatives method should be implemented to reduce the burden of 
problems. One possible alternative to fossil fuel is biodiesel. Regarding to that the 
transesterification process was chosen compared other methods with the aid of 
controllable parameter such as type of catalyst, type of solvent, reactor system, condition 
of reaction temperature, concentration, molar ratio, mixing intensity and reaction time. 
In this research, two raw oils are used which is refined, bleaced, deodorized (RBD) and 
waste cooking oil (WCO). In order to find the optimized condition in producing 
biodiesel it was categorized into three stages. At first stages is to investigate the effect of 
catalyst concentration (0.25-1.5 wt%) to yield and purity of biodiesel. The results show 
the optimum value was achieved at concentration of 1 wt% for both raw oils. At second 
stages is to investigate the effect of reaction time (20-60 min) to yield and purity. The 
results show that the optimum reaction time for using both WCO and RBD were at 40 
min and 30 min respectively. At third stage, the biodiesel fuel was prepared using 
optimum condition and analyzed in order to find the gas emission. It shows the decrease 
amount of carbon monoxide and carbon dioxide as compare to petroleum diesel with 
error 51% and 2% for RBD and 50% and 5.3% for WCO. As conclusion, the objective 
to reduce hazardous gas emission was achieved via biodiesel fuel which was produced 
using transesterification with the aid of sodium methoxide. 
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ABSTRAK 
 
 
 
 
 Menggunakan diesel sebagai bahan api akan menyumbang kepada pencemaran 
udara. Tindakan aggresif menggunakan sumber tenaga seperti petrokimikal, arang batu, 
gas asli dan tenaga nuklear menyebabkan pengurangan mendadak kepada sumber tenaga 
semulajadi dengan itu menyebabkan kesemua nya menjadi semakin terhad. Situasi ini 
menjadikan dunia semakin bahaya dan tindakan gantian penting untuk mengurangkan 
masalah. Satu kemungkinan penyelesaian ialah biodiesel. Oleh itu proses transestrifikasi 
telah dipilih berbanding kaedah lain dengan bantuan parameter kawalan seperti jenis 
mangkin kimia, jenis bahan pelarut, sistem reactor, kondisi suhu tindakbalas, kepekatan, 
nisbah molar, keamatan campuran dan tindakbalas masa. Minyak masak tulen dan 
minyak masak terpakai telah digunakan sebagai bahan mentah. Proses penghasilan 
biodiesel juga telah dibahagikan kepada tiga peringkat untuk mencari keadaan optima. 
Peringkat pertama ialah mengkaji kesan kepekatan mangkin kimia (0.25-1.5 wt%) 
terhadap penghasilan produk dan ketulenan. Keputusan menunjukkan nilai optima telah 
dicapai pada 1 wt% untuk kedua-dua jenis minyak. Pada peringkat kedua, ialah untuk 
mengkaji kesan tindakbalas masa (20-60 min) terhadap penghasilan produk dan 
ketulenan. Keputusan menunjukkan tindakbalas optima bagi minyak masak terpakai dan 
minyak tulen adalah pada 40 min dan 30 min. Pada peringkat ketiga, bahan api biodiesel 
dihasilkan menggunakan parameter optima terdahulu, dan kemudian di analisis. 
Keputusan menunjukkan pengurangan nilai CO and CO2 jika dibanding dengan 
petroleum diesel dengan perbezaan 50% dan 2% untuk RBD dan 50% dan 5.3% untuk 
WCO. Kesimpulannya adalah objektif untuk mengurangkan pembebasan gas bahaya 
telah dicapai dengan menggunakan bahan api biodiesel yang dihasilkan menggunakan 
kaedah transesterifikasi bersama mangkin kimia Natrium Metoksida. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
Nowadays, alternative fuels are very important things due to environmental 
concerns and sources depletion (Scholl and Sonrenson, 1993; Zhang and Van Gerpen, 
1996; Cardone et al., 2001, 2005). Long time ago, the majority of the world energy is 
fulfilled through petrochemical sources, coal, natural gas, hydroelectricity, and nuclear 
power. Thus, it will affect the reduction of natural resources currently thereby make the 
global now concerned about the source of petroleum. Regarding to limited fuel reserves, 
it affect the global high price over the world unless make the high inflation among the 
society. Therefore, the competition to create an alternatives fuel were begin as well as to 
reduce the cost, get high profitability, and less pollution to human and environment.  
 
 
One of the alternatives fuel is making the biodiesel. It is one of the economical 
fuels that could replace the petroleum diesel with lower gas air emission and reduction 
the cost of raw materials. Importantly, the alternatives fuel must be technically feasible, 
economically competitive, environmentally acceptable and readily available. Basically 
during the production of biodiesel fuel, the raw materials from vegetable oils or animal 
fat were used with the aid of alcohol and some type of catalyst. Therefore the lower 
price of feedstock was essentially needed to compete with petroleum diesel since the 
biodiesel price is highly dependent on the purchasing cost of raw material. In the senses, 
the use of waste cooking oil was the effective way to reduce the raw material cost 
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because the price of waste cooking oil was expected half of the price for virgin oil. 
Otherwise the palm oil was the second choice of feedstock because of large production 
of palm plant mostly at Asean countries such as Malaysia, Indonesia and Thailand. 
Therefore this is an advantage for these countries in developing biodiesel fuel as an 
alternative fuel.  
 
 
Other than that, there are several reasons why we are focus on biodiesel fuel. 
First, it could helps to reduce global warming gas emissions such as carbon dioxide as 
well as it is renewable in nature and safer to handle, has no aromatic compounds, 
practically no sulfur content, and an oxygen atoms in the molecule of fuel which may 
reduce the emissions of carbon monoxide, hydrocarbon and particulate matter (Lapuerta 
et al., 2005, 2002; Freedman et al., 1984; Ballesteros, 2002). However, biodiesel fuel 
also may cause several problems than petroleum diesel fuel such as worse low 
temperature properties (Dunn et al., 1996; Ballesteros, 2002), and higher production 
costs (Mittelbach et al., 1992). 
 
 
Even though the biodiesel was substituted as an alternatives fuel, but it still have 
disadvantages. Making biodiesel could required high cost of production due to virgin 
vegetable oil such as pure soybean oil and rapeseed oil. Thus, the methods that permit to 
minimize the raw material are the special interest and need to be implemented. As a 
support, using the waste raw material such waste cooking oil and used frying oil is an 
effective’s way to overcome this problem. These raw materials are cheaper than unused 
vegetable oil and animal fats and easy to get. Usually it could come from restaurants, 
hotels, and public waste. The most important thing is the utilization of waste oils 
diminishes the problems of contamination because the reusing of these waste oils can 
reduce the burden of the government in disposing of the waste, maintaining public 
sewers, and treating the oil wastewater. Because of the environment improvement of 
management, many countries pay much attention on it thus focusing very deeply in 
R&D of biodiesel. In Europe such as, almost than 2.7 million tons biodiesel was made in 
2003, and 8-10 million tons is expected in 2010, accounting for 5.7% among the total 
diesel market and 20% among the diesel market in 2020 (Xiangmei Menga,b,*, Guanyi 
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Chena, Yonghong Wangc, 2008). As supported of biodiesel demand, the government 
starts to publish some biodiesel plants in Malaysia that now already have at Kuantan, 
Negeri Sembilan and Kemaman in progress. Commodities Minister Peter Chin Fah Kui 
told an international palm oil congress in Kuala Lumpur, the palm biodiesel is set to 
become a viable alternative way to substituted petroleum diesel.  
 
 
 
 
1.2 Problems Statement 
 
 
Based to the previous research, several sources of making biodiesel have been 
studied such as animal fats and vegetable oils. However, the current problem is using a 
fresh vegetable oils or animal fats as raw materials will make government to pay high 
cost for the process greater than petroleum diesel. Thus, it still could not help to solve 
the problems. Because of that issues, with good characteristic and lower price of waste 
cooking oil, it can substituted the vegetables oil as a raw material. Moreover, it also can 
reduce the amount of schedule waste with recycle back the waste cooking oil into 
profitable oils. As well as, the burden of government to handle and manage those wastes 
is reduced as long as the effort of market the waste cooking is very aggressive. Using 
RBD palm oil also will help to support the process due to availability to find the sources 
with a large quantity and stable price. As well known, others raw material such as Jojoba 
wax oil, Soybean oil and Jatropha oil were also can substituted as a raw material. But, 
need to highlight here, in Malaysia, all that kinds of raw material were not available and 
difficult to find. Against, the palm oil was the advantages than others because of large 
amount of sources. Actually the palm oil is one of the largest plants produced in Asean 
country such as Thailand, Indonesia and Malaysia. With that situation, it is better to 
introduce palm oil as a commercial raw oils of biodiesel than using others raw oils due 
to close distance and large sources. 
 
 
During handle the production of biodiesel, there are several methods that are 
probable to introduce such as microemulsion, pyrolysis, direct use and blending, and 
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transesterification process. The regular method that always use was transesterification 
process. First method such as microemulsion and dilution method were unsuitable to use 
due to high viscosity of raw oils. Actually, these methods have such problems when use 
with the high viscosity oil. Using the biodiesel fuel from these methods will contribute 
to engines performance problem. Second method such as pyrolysis also is able to use. 
But it also has lack of problems which it will produce more biogasoline than biodiesel 
fuel. Thus, it wills lowers the product yield resulted low cost of sells. So, to overcome 
those problems using the transesterification process was found to be the most viable oil 
modification process. But it must depend on others factors too such as the type of 
catalyst use, amount of concentration, reaction time and type of process such as 
ultrasonic system. 
 
 
Based to catalyst brand, the regular catalyst use are alkaline catalyst such as 
sodium methoxide, sodium hydroxide and potassium hydroxide. Regarding to prices, the 
sodium methodie was the highest price than potassium and sodium hydroxide. However, 
it also the highest purity than others catalyst means the amount of methyl ester content is 
greater for sodium methoxide. In business it is most profitable for long time period due 
to large sale of production.   
 
 
Finally the conventional method that already use regularly was still in lack of 
technology. The reason is the time consuming in the process will affect high cost of 
production. So, to reduce the time consumed, the high technology that can shorten the 
time must be used such as ultrasonic technology. This concept of ultrasonication will 
increases the chemical reaction speed of the transesterification of RBD palm oil and 
waste cooking oil into biodiesel fuel. This allows the changing of production method 
from batch processing to continuous flow processing. The cavitational mixing in 
ultrasonification is an effective alternative means to achieve a better mixing in 
commercial processing. Ultrasonic cavitation provides the necessary activation energy 
for the industrial transesterification process. All those factors will reduce the operational 
costs and also can reduce the investment in production. 
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1.3 Objectives 
 
 
To determines optimal condition in producing biodiesel with high purity of 
methyl ester and environment friendly biodiesel from Refined Bleach Deoderized 
(RBD) and Waste Cooking Oil (WCO) using ultrasonic reactor via transesterification 
process. 
 
 
 
 
1.4 Scope of Study 
 
 
In order to achieve the objective of this research, there are three scopes that could 
be followed which are: 
 
1. Conduct the transesterification reaction in range 0.25-1.5 wt% catalyst 
concentration and 20-60 min reaction time. 
2. Analyze methyl ester (ME) concentration using gas chromatography. 
3. Compare the gas emit from biodiesel and standard diesel using gas analyzer. 
 
 The fix condition was controlled during the whole operation which is the fixed 
molar ratio methanol to oil of 6:1, the fix reaction temperature of 40°C and the mixing 
intensity of 1000 rpm with the aid of ultrasonic reactor, catalyst sodium methoxide and 
solvent methanol. 
 
 
 
 
1.5 Rationale and Significance  
 
 
 The research of producing biodiesel fuel from waste cooking oil and RBD palm 
oil have been made in order to reduce the high cost of raw material used instead of using 
fresh vegetables oil and animals fat sources. Other than that, the biodiesel fuel energy 
will help to reduce the CO2 emission to atmosphere help to reduce the emissions of 
carbon monoxide, hydrocarbon, and particulate matter with aid of oxygen content in 
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molecule and it also contain no aromatics compounds such as sulfur content. All these 
factors were very important as well as will help to reduce the air pollution, can reduce 
health disease, renewable source, and environmentally product. The significance is to 
conduct the biodiesel research from waste cooking oil and RBD palm oil via 
transesterification process with the aid of ultrasonification process, catalyst sodium 
methoxide, and solvent methanol. 
 
 
 
 
 
 
CHAPTER 2 
 
 
 
 
LITERATURE REVIEW 
 
 
 
 
2.1 Introduction of Biodiesel 
 
 
Biodiesel is the name of a clean burning alternative fuel, produced from 
domestic, renewable resources. Biodiesel contains no petroleum, but it can be blended at 
any level with petroleum diesel to create a biodiesel blend. It can be used in diesel 
engines with little or no modifications. Biodiesel is simple to use, nontoxic, 
biodegradable, and essentially free of sulfur and aromatics. Biodiesel can be used as a 
pure fuel or blended with petroleum in any percentage. As type of B20 which means a 
blend of 20 percent by volume biodiesel with 80 percent by volume petroleum diesel has 
present significant environmental benefits with a minimum increase in cost for 
operations and other consumers.  
 
 
Blends of biodiesel and conventional hydrocarbon-based diesel are products 
most commonly distributed for use in the retail diesel fuel marketplace. Much of the 
world uses a system known as the "B" factor to state the amount of biodiesel in any fuel 
mix. Fuel containing 20% biodiesel is labeled B20, while pure biodiesel is referred to as 
B100. It is common to see B99, since 1% petroleum diesel is sufficiently toxic to retard 
mold. B20 type can generally be used in unmodified diesel engines. Biodiesel can also 
be used in its pure form which B100 type, but may require certain engine modifications 
to avoid maintenance and performance problems. Blending B100 with petro diesel may 
be accomplished by mixing in tanks at manufacturing point prior to delivery to tanker 
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truck, splash mixing in the tanker truck which mean adding specific percentages of 
biodiesel and petroleum diesel, in-line mixing, two components arrive at tanker truck 
simultaneously. Biodiesel can be used in pure form B100 or may be blended with 
petroleum diesel at any concentration in most modern diesel engines. Biodiesel has 
different solvent properties than petroleum diesel, and will degrade natural rubber 
gaskets and hoses in vehicles, mostly vehicles manufactured before 1992, although these 
tend to wear out naturally and most likely will have already been replaced with FKM, 
which is nonreactive to biodiesel. Biodiesel has been known to break down deposits of 
residue in the fuel lines where petroleum diesel has been used. (McCormick, R.L., 
2006). As a result, fuel filters may become clogged with particulates if a quick transition 
to pure biodiesel is made. Therefore, it is recommended to change the fuel filters on 
engines and heaters shortly after first switching to a biodiesel blend. Figure 2.1 shows 
the schematic diagram of making biodiesel fuel.  
Figure 2.1: Process flow schematic for biodiesel production 
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2.2 Raw Materials 
 
 
 Raw material of biodiesel fuel mainly comes from animal fat and vegetable oils. 
The vegetable oils were categorized into four types which are edible oil, non-edible oil, 
virgin oil and waste cooking oil. Edible oil is oil which is used in food industry and they 
are like canola, soybean and corn. All have been used for biodiesel production and found 
to be good as a diesel substitute. But the non-edible is oil which is not use in food 
industry and normally comes from vegetable oil that growth wildly and retain survive in 
bad weather condition. For example are Algae, Madhuca Indica, Jatropha Curcas and 
Pongamia Pinnata. Virgin oil is a kind of pure vegetable oil such as palm oil, sunflower 
oil, soybean oil, and rapeseed oil. However waste cooking oil is also a type of vegetable 
oil which categorized as used frying oil collected from nearby restaurants, hotels, and 
public. All these raw materials usually use to synthesis biodiesel fuel.  
 
 
 
 
2.2.1 Animal Fats 
 
 
In late 2001, SARIA Bio-Industries GmbH, an enterprise of the Rethmann group, 
started their own biodiesel production in Malchin, Germany, to make use of the animal 
fat left as a by-product at their nearby rendering factory. The applied production process, 
developed and built by BDI Anlagenbau GmbH, enables SARIA to annually produce 
12,000 tons of biodiesel from animal fats at the highest quality according to the 
European standard, EN 14214. Table 2.1 shows the qualitative and quantitative 
composition of the fatty acids methyl esters in beef tallow and in the produced biodiesel. 
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Table 2.1: Composition of fatty acids methyl esters in beef tallow and in the produced 
biodiesel 
Designation     Acid name 
Composition 
        (%) mwacid mwester 
C14:0       Miristic   2.72 228 242 
C15:0 Pentadecanoic     0.86 242 256 
C16:1 Palmitoleic 2.02 254 268 
C16:0 Palmitic 25.33 256 270 
C17:0 Heptadecanoic 1.67 270 284 
C18:2 Linoleic 0.75 280 294 
C18:1(cis) Oleic 29.87 282 296 
C18:1(trans) Elaidic 1.82 282 296 
C18:0 Stearic  34.7 284 298 
C20:0 Arachidic 0.28 312 326 
Mass ratio of saturated and 
unsaturated 1.9 
Average molecular weight 
(amw) 273.5(a)   858.5(b) 287.6(c)   
(a) mw of acids in the beef tallow=Σ(%composition Х mwacid) 
(b) mw of beef tallow(g/mol)=3(amwacid)+mwglycerol-3(mwwater) 
(c) mw of biodiesel(g/mol)=Σ(%composition Х mwester) 
 
 
 
2.2.2 Vegetable Oil 
 
 
 Difference raw materials have difference properties and yet difference results at 
final product. Some chemical properties and fatty acid compositions of waste cooking 
oil and some pure vegetable oils were already investigated and it was summarized as 
Table 2.2 (Xiangmei Menga,b,*, Guanyi Chena, Yonghong Wangc , 2008). 
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Table 2.2: Comparison of chemical properties and fatty acid composition raw material 
Property WCO Cottonseed 
oil 
Rapeseed 
oil 
Soybean 
oil 
Fatty acid composition (%) 
    
   Palmitic acid C16:0 16 11.67 3.49 11.75 
   Stearic acid C18:0 5.21 0.89 0.85 3.15 
   Oleic acid C18:1 34.28 13.27 64.4 23.26 
   Linoleic acid C18:2 40.76 57.51 22.3 55.53 
   Linolenic acid    
   C18:3 
0 0 8.23 6.31 
   Specific gravity 0.925 0.912 0.914 0.92 
   Viscosity (mm2/s)   
at 40° 
66.6 50 39.5 65 
   Acid value  
(mg KOH/g) 
7.25 0.11 1.14 0.2 
 
 
 
 
2.3 Process of Synthesizing Biodiesel 
 
 
2.3.1 Transesterification  
 
 
Generally, biodiesel is produced by means of transesterification. 
Transesterification is the reaction of a lipid with an alcohol to form esters and a 
byproduct, glycerol. It is, in principle, the action of one alcohol displacing another from 
an ester, referred to as alcoholysis (cleavage by an alcohol). The reaction as shown in 
equation 2.1 is reversible, and thus an excess of alcohol is usually used to force the 
equilibrium to the product side. The stoichiometry for the reaction is 3:1 alcohol to 
lipids. However, in practice this is usually increased to 6:1 to raise the product yield. 
 
 
